about the minimal lethal exposure for the rat under these conditions. W'.hether the animal have died under continuous irradiation or have died some forty-two hours after an exposure of six hours the changes met with in the tissues are very similar. Nevertheless with prolonged irradiation the changes are more intense.
In comparing the minimal lethal dose in different animals the size of the animal is a factor. The radium is contained in a flat circular brass box, 14 cm. in diameter, and the intensity per unit of surface is fairly evenly distributed. But it is obvious that a frog, a rat, a rabbit and a cat exposed " as close as possible" will receive very different total amounts of irradiation and very different degrees of irradiation of specific organs. The fall in intensity of the radiation owing to distance has been determined experimentally by Professor Russ and, in the animal experirnents (for which I am responsible), the distance has been taken as that which obtained between the surface of the radium box and the mid-point of the animal in a crouching position. Owing to the different arrangements adopted, the mid-point of the frogs and of the rats was distant from the RaBr2, about 4 cm., the mid-point of the rabbits and the cats was distant about 15 cm. And since, at 4 cm. and 15 cm., the intensity of irradiation has fallen to about 66 per cent. and 13 per cent. respectively, it follows that an exposure of one hour at 4 cm. is equivalent to an exposure of five hours at 15 cm. When these corrections have been made an extraordinary difference is observed between the cold and the warm blooded animals, for the frog will support some twelve to twenty times as much gami-a-radiation as the rat, rabbit or cat.. As to the latter animals it is not safe to dogmatize. The minimal lethal dose for the rat at 4 cm. is about six hours, while for the cat, at 15 cm., it is about twenty-four hours, and for the rabbit, also at 15 cm., it is about forty-eight hours. These values corrected for the fall in intensity at the two distances indicate that under similar conditions when the minimal lethal exposure for the xat is six hours, for the rabbit it is nine to ten hours, and for the cat it is five hours. Hence it may be assumed provisionally that these three types of animal are not equally susceptible to gamma-radiation. The cat, in particular, gives the impression of being highly susceptible.
Cytological Appearances in General.-If the cell be considered in respect of its nucleus, its cytoplasm and any paraplastic material it may contain, marked changes may be found. The nucleus may stain faintly and diffusely (endothelium), deeply and diffusely (spermatogonia), faintly and with a few dust-like particles of chromatin (striated muscle), moderately and with a single large nucleolus and a few particles of chromatin (liver), faintly and with a few relatively large particles of chromatin (kidney), and in many cases it is impossible to determine whether the appearances are normal. But in some cases it is certain that the nucleus is abnormal. It may be converted into an empty sac (columnar cells of intestine), or may be irregularly vacuolated (striated and unstriated muscle, bone-marrow), or may be "ghost "like (liver, kidney, muscle), or the nuclear membrane may have disappeared leaving only a small constellation of chromatin points (kidney, liver) , or the entire nucleus may have become broken up into deeply stained debris (lymphocytes, intestinal mucosa), or, finally, all traces of a nucleus may be lost, though cytoplasm persists (liver, kidney). In the case of neoplasms, any of these appearances may be met with, but most frequently the chromatin is gathered into an irregular mass situated more or less in the middle of an enlarged, irregular and often vacuolated spheroid.
Even under normal conditions mitotic figures are rare except in intestinal mucosa and testicle. In the case of animals that have been killed immediately after a relatively short exposure the cells of the -tubular glands in the intestine may show irregular masses of deeply stained chromatin representing mitotic figures, but they are usually absent from testicle. If the animal have been subjected to a more prolonged exposure, or have been allowed to survive for some days, probably no trace of mitosis will be found even in intestinal mucosa.
The cytoplasm may be hyaline and basophil, oxyphil or indifferent (pancreas), translucent and oxyphil (gastric mucosa), vacuolated (bonemarrow, kidney, unstriated muscle), or it may be converted into mucus (intestine, trachea), or show fine granules (salivary gland), or globules of lipoid (adrenal, convoluted tubules of cat), or, rarely, it may show neutral fat globules (tracheal cartilage, paraortic tissue of rat, kidney of cat). Of these modifications the intense mucoid change in intestine and the lipoid change in kidney of cat will be referred to later. But perhaps the most striking change of cytoplasm seen after exposure to a large quantity of radium is its complete disappearance. In this case the nucleus is left suspended, as it were, in the middle of a cavity limited, at some distance, by the cell membrane which, now, is unusually conspicuous. Since the condition is most marked in animals that have survived for some days after a somewhat severe exposure, this disappearance of cytoplasm must be regarded as secondary. It has been-found chiefly in cells of liver and of mamm'arycarcinoma.
D-PA la
Including zymogen granules and mitochondtia under the general name of paraplastic material, little can be said with certainty. In salivary glands of serous type, fine basophil or oxyphil granules are present; in liver and pancreas, somewhat coarse granules are often closely packed in the cells; in peptic cells of stomach there is a fine basophil granulation. and in the oxyntic cells, a small amount of fine oxyphil granulation. But these appearances cannot be distinguished from the normal. With regard to mitochondria, the uncertain nature of the objects designated by this name renders observations in regard to them of doubtful value, particularly if negative. I have found them in liver and kidney and, doubtfully, in specimens of intestine in rats that had been exposed for sixteen hours, but I am not convinced that they are present in other varieties of cells examined.
The Blood System.-A rapid examination of the blood within bloodvessels in histological specimens from various parts of the body shows few apparent changes in the erythrocytes but a complete or almost complete absence of leucocytes. Closer examination indicates that the red blood corpuscles are generally of good shape but stain poorly with eosin, that homogeneous non-cellular coagulum often occupies a portion of the lumen and that the deficiency in leucocytes principally concerns the lymphocytes. With a very severe irradiation prolonged search may fail to reveal a single lymphocyte or polynuclear cell. Under less severe conditions the lymphocytes may be wanting completely but polynuclear cells mzay persist in fair numbers. This difference in effect of radiations upon the leucocytes of the circulating blood is well known, largely as the result of the work of Russ, Chambers, Scott and Mottram in this country, and of Murphy and others in America.
I do not know of any published observations respecting the erythrocytes, but there is no doubt that they undergo marked destruction.
Thus, in the rabbit I have found that exposure to the 5 grm. of radium for three successive periods of sixteen hours separated by eight hours' intervals was associated with the changes of red corpuscles shown in the table (p. 5).
Similarly in man an exposure for six hours has often been followed by a small erythrocytic fall, but a fall does not occur with the same regularity as in the rabbit. This is explained in part by the size of the human body and the smaller dose administered. Other factors at work are shown by the considerable fall in the erythrocytic count that sometimes occurs with a six hours' exposure. In a case of lymphocythamia an exposure of six hours over the spleen was followed by an immediate drop from 3,040,000 red blood corpuscles per cubic millimetre to 1,831,000 per cubic millimetre, and within twenty-four hours to 1,509,000. The lowest value was 1,415,000 per cubic millimetre fortyeight hours after exposure. There is also reason to believe that any relatively small destruction of red corpuscles is rapidly masked by an increased production in the bone-marrow. Below are given a few examples of diminished erythrocytic blood counts in patients exposed for five to six hours for malignant disease. However, during the same period over which the above cases were observed eight other cases showed no significant change or a slight rise.
As to the actual changes undergone by the red blood corpuscles it is a little difficult to speak. With a destruction such as is indicated by the figures for rabbits given above, it might be expected that haemoglobinuria would occur or that corpuscular debris or heemosiderin granules would be found in some of the tissues. Of haemoglobinuria or of haemosiderin there is no evidence, even when the animal has died under continuous irradiation. But many of the animals show in the liver widely dilated capillaries with partially or completely disintegrated red corpuscles. The same fragmentation may be present in the spleen, but a further stage of the process represented by endothelial cells crammed with particles of dark brown pigment is relatively uncommon. In the bone-marrow macrophages full of erythrocytic debris are often seen. In the case of leucocytes the most recent work upon the effect of gamma-radiation is that of Mottram and Clarke. Both in man and rabbit am I able to confirm their observations that a diminution in the number of circulating leucozytes obtains and that this principally concerns the lymphocytes. The effects of gamma-radiation are therefore similar to those of X-radiation. In the four rabbits mentioned above that were exposed to 5 grm. for three successive periods of sixteen hours separated by eight hours' intervals, the leucocyte counts were as follows:- The paucity of histological evidence for what is undoubtedly an enormous destruction of red blood corpuscles is paralleled by the case of the lymphocytes. If an animal be killed immediately after a somewhat prolonged exposure (e.g., a rat, after sixteen hours), the sole positive histological evidence of a lymphocytic destruction which is so enormous that very few indubitable lymphocytes are to be found in blood or spleen or lymphatic gland, is the -presence of a moderate amount of nuclear debris in lymphatic glands and spleen. Even this nuclear d6bris rapidly disappears, for probably traces alone will be found if the animal have been allowed to survive the exposure by one or two days. If the exposure have been for three hours and therefore non-lethal, the lymphopaenia will be entirely unassociated with any obvious nuclear debris.
Nevertheless, an important associated phenomenon exists in diminution in size of the spleen. Since the spleen is roughly triangular in cross section my estimate of its cubic content is half the product of its length, breadth and height, and I divide the value thus obtained by the length of the extended animal from tip of nose to root of tail. Below are given some mean values obtained in rats and expressed in the form of cubic centimetre of spleen per centimetre of length of animal:
Spleen of nine control rats (non-radiated) = 0 072 c.c. per centimetre of length.
Spleen of twelve rats exposed for three hours = 0-0358 c.c. per centimetre of length.
Spleen of ten rats exposed for twelve or more hours = 0X0182 c.c. per centimetre of length.
The splenic condition is progressive, for, if the twelve rats exposed for three hours be divided into classes according to the length of their survival after irradiation, the values are as follows Killed immediately after exposure, spleen = 0-0521 c.c. per centimetre of length. Survived three days after exposure, spleen = 0-0322 c.c. per centimetre of length. Survived six days after exposure, spleen = 0-0287 c.c. per centimetre of length. Survived nine days after exposure, spleen = 0-01-57 c.c. per centimetre of length.
In lymphatic glands, apart from the deficiency of lymphocytes and the presence of nuclear debris, cells may be relatively so sparse that wide channels are left, particularly towards the periphery. These channels may be almost empty or may contain large endothelial cells whose cytoplasm is packed with fine, black or brown pigment granules, or red corpuscles may be present in numbers so great that a heemolymph gland results. When some days have been allowed to elapse before killing the animal after a moderate exposure, plasma cells may be present in enormous numbers; except for a few endothelial cells they may be the sole variety recognizable.
As regards the bone-marrow, Dr. Price-Jones permits me to say that he finds destruction of white cells with haemorrhages into the bonemarrow and phagocytosis. He considers it probable that the results should be regarded as a combination of white cell destruction, diminished or inhibited formation of granular leucocytes and exaggerated red cell production in response to the numerous haemorrhages and phagocytosis of red cells by the large mononuclear cells.
In accordance with this finding the numbers of leucocytes in the circulating blood progressively diminish. However, the diminution in numbers of granular leucocytes in the circulating blood always lags behind that of the lymphocytes owing to the fact that the granular cells are reinforced by preformed polynuclears washed out from the bone-marrow, whereas the factories of lymphocytes (spleen and lymphatic glands) are profoundly damaged from the first. Indeed the contrast between the apparently stimulated activity of bone-marrow and the depressed activities of the spleen and lymphatic glands is one of the most striking phenomena produced by exposure to a large quantity of gamma-radiation.
The Muscular System.-I have selected as striated types the muscles of the anterior abdominal wall, the adductor magnus, the biceps and occasionally deep muscles of the neck or thorax. As nonstriated types have been chosen, the external, internal and mucosal muscular coats of stomach, duodenum, jejunum, ileum, colon, rectum, the muscular coats of arteries and arterioles and, in females, the uterus and Fallopian tube. In the case of heart, various parts have been taken without special selection. As might be expected, differences are seen in the changes undergone by voluntary, involuntary and cardiac muscle. But it was somewhat surprising to find that differences obtain even in the single group of striated or unstriated muscles. And it was even more surprising to find that normal bicipital muscle, for example, may generally be diagnosed from abdominal muscle by the relative shortness and thickness of its nuclei, and that the internal muscular coat of the srnall intestine often shows a diminishing basophilia of its contractile material until the basophilia becomes replaced by oxyphilia in the lower part of the ileum or upper part of colon. The points just mentioned it is impossible here to discuss, but clearly they would repay further research. Without doubt deficient striation and the translucent appearance are in part artificial in origin and occur independently of irradiation, for they are met with in the muscles of control and non-radiated animals, often to a considerable degree. Nevertheless the muscles of animals exposed to 5 grm. of radium show the changes in a more marked degree, and abdominal muscle is particularly liable to be affected. If the muscle be examined fresh, or frozen sections be made after hardening in 10 per cent. formol saline, striation in general is better, but nevertheless in many fibres it is poor or completely absent. Staining with Sudan III shows that fibres without striation take up the dye somewhat, whereas their fellows which show striation are almost unstained. Further, such altered fibres frequently show minute red globules of lipoid which may lie in parallel lines similar to those of striation, or may be irregularly disposed. This lipoid deposit is invariably dust-like, and is completely absent from normal muscle and from most animals which have been killed immediately after a moderate radiation. It appears to develop with time, and I have found it in the great pectoral muscle of a woman whose breast was amputated for malignant disease six weeks after a local exposure to the 5 grm. of radium bromide for six hours. That a lipoid change is demonstrable indicates that the fibres are damaged, and supports the view that the loss of striation and the translucent change noted in muscle that has passed through the paraffin process are not wholly artificial in origin. Here it may be noted that all animals exposed for rather long periods to the intense gamma-radiation now being considered develop a marked sluggishness of movement for some days before death.
Unstrctated Aluscle.-The contractile substance is often conglomerate, semi-translucent, and shows complete absence of fibrillation. In the coat of the stomach and to a far less extent in other situations it may be vacuolated. Indeed in the stomach a coarse sieve-like arrangement may obtain. The vacuoles sometimes hold a nucleus attached to part of the wall, but commnonly vacuolation occurs in the non-nuclear portions of the contractile material. The nuclei of unstriped muscle may be faintly stained and vacuolated, or may be deeply stained, linear and sinuous or irregularly contorted. No special changes have been noted in the case of blood-vessels other than those common to unstriped muscle in general. In the Fallopian tube the nuclei are very closely packed, with the result that little contractile material is seen. The muscle stains particularly well, and the nuclear definition may be sharper than in non-radiated control animals. Nevertheless there appears to be muscular deficiency similar to that which obtains with striated muscle, since, after a prolonged exposure, death with abortion occurred in a pregnant cat, but the dead foetuses were only partially expelled. A similar deficient power to expel their contents obtains in the case of intestine.
Cardiac Muscle.-Practically no change is found in cardiac muscle, unless the exposure have been enormous or the animal have been allowed to survive some days after a very severe exposure. When present the minimal change appears to be translucency of occasional fibres with complete disappearance of all striation. In more advanced cases there is vacuolation of the contractile substance, and in still more advanced cases inteise fragmentation. Under the last two conditions, vacuolated or vesicular or " ghost-like" nuclei may be seen, and sometimes even nuclear debris with disappearance of the nuclear membrane. B1it as a rule the muscle nuclei differ little from the normal.
In neither cardiac nor unstriped muscle has a lipoid deposit been found similar to that occurring in striated muscle.
Liver.-The liver rarely shows any divergence from the normal. Sometimes the microscopic section appears to be normal, but more careful study shows that the nuclei have greatly diminished in numbers, "ghosts " and foci of nuclear debris being common. At other times the cytoplasm of the hepatic cells has almost entirely disappeared, and it is in these cases that a nucleus lying within a ring of cell membrane without visible cytoplasm is met with. When this condition occurs it is usually so extensive that the section of liver can hardly be recognized as such under the microscope. It has been met with in frog, rat and rabbit, and is apparently a late secondary change after a severe exposure. It is generally distributed throughout the organ, but does not lead to any macroscopic changes. Unless the hepatic disorganization be very great the blood-vessels, and bile-ducts stain sharply. The nuclei of the vascular endothelial lining stain well, but those of the columnar cell lining of the bile-ducts are usually vesicular and stain with extreme faintness.
Kidney.-The most striking renal change is that which occurs in the cells of the convoluted tubules of the cat. Frozen sections stained with Sudan III show an intense lipoid deposit confined to this portion of the urinary system with remarkable strictness. No trace of lipoid is seen in the glomeruli and where the convoluted passes into the conducting portion of the system of tubules, the lipoid deposit ceases abruptly. Staining with osmic acid yields a general grey-green colour of the globules, and jet-black globules are few. Similarly with Nile blue sulphate, red drops are few and there is little more than a pale lilac coloration of the convoluted tubules. Neutral fat, therefore, is not present in any great quantity. It must be allowed that lipoid changes are common in the kidney of the cat, but, under intense gamma-radiation, they are present to such an extent that the tubule seems to be entirely composed of lipoid. In sections that have passed through the paraffin process, the lacunee resulting from removal of the alcohol and xylol-soluble constituents are so numerous that the tissue is sieve-like. In this respect it resembles the inner muscular coat of stomach, but there is no evidence that. vacuolatiQn in the case of unstriped muscle is preceded by a lipoid change. No other of the animals used in this investigation have manifested the same change, but it may be noted that the kidney of a woman who had had two exposures, each of six hours, to 5 grmn. of RaBr2, for carcinoma of the cesophagus and died shortly afterwards, showed a small degree of lipoid change in the convoluted tubules.
In spite of the fact that frog, rat and rabbit do not show lipoid deposit it must not be assumed that they present no renal changes. On the contrary there is considerable breaking down of the cytoplasm of the renal cells in all the animals and in them also the convoluted tubules are the chief seat of change. Sometimes the cells are entirely desquamated, but if the exposure have not been too severe, that portion of the cytoplasm internal to the nucleus is broken down, and the lumen of the tubule is bridged or blocked by albuminous material. The nuclei are often fairly preserved when the general destruction of cells is limited to the inner portion of the cytoplasm, but in severer cases large numbers are "ghost "-like or may have broken down into debris or may have disappeared altogether.
The conducting tubules do not show very definite changes except in severe cases; in this respect, they conform to the general rule that, under irradiation, cells of which the prime function is secretory suffer more than cells of which the prime function is to line a duct. The frog is the only animal in which changes of definite significance have been met with in the glomeruli. After prolonged exposure, the glomerular tuft in the frog undergoes a conversion-partial or complete-into a hyaline, swollen material which recalls the lardaceous change of the glomerulus in man. At the same time the glomerular space shows much homogeneous, albuminous coagulum or rarely some red blood -corpuscles. This gives, the impression of a change affecting bloodvessels and blood. The glomerular change in the frog is accompanied by intense destruction of the tubular epithelium. Frequently too, in this animal, there are collections of cells resembling plasma cells in the stroma of the organ generally; nothing of like kind has been met with in any of the other animals that have been examined.
The kidneys of all animals that have been exposed to intense gammaray action are congested, and sometimes the glomerular capillaries are dilated, but evidence of actual extravasation is rare other than the occasional presence of a red blood corpuscle in the glomerular space. Casts of any kind are very rarely seen, and in the numerous cases in which tubules are blocked it is by the local desquamation and destruction of the renal cells themselves, aided possibly by some serous exudation from the neighbouring capillaries and venules.
Gastro-intestinal Tract. -The gastro-intestinal mucosa shows changes in all animals used for investigation. With less severe exposures a certain amount of desquamation in the tubular glands of the stomach, or an excessive mucus-formation in the columnar epithelium of the intestine, is noted. With more severe exposures, extensive hemorrhages, intense mucoid degeneration and desquamation of gastric mucosa occur, along with sloughing of the intestinal mucosa.
Probably the haemorrhages are primary, for he3matemesis has occurred in a man four hours after the commencement of a therapeutic exposure to the 5 grm. for recurrent sarcoma of the inguinal region. Moreover in animals, the gastric hoemorrhages are part of a general tendency to extravasation, though, admittedly, such extravasation frequently appears to be most extensive in the stomach. Similarly, the excessive mucus-formation is primary; it is associated with the formation of goblet cells in numbers so large that it may be difficult to find a single columnar cell in a section of colon. On the other hand the sloughing of intestinal mucosa is certainly secondary though it occurs with great rapidity. It is most marked in duodenum and jejunum but may extend into ileum and patches of slough may occur anywhere in the large intestine. The entire mucosa may be affected, but it is commoner for the tips of the villi to be entirely denuded of epithelium (so that the more or less altered connective tissue stroma projects into the lurnen of the gut) and for remnants of the blind ends of the tubular glands to persist close to the muscularis mucosm.
The connective tissue is often the seat of a plasma cell infiltration, and the fact that in this tissue changes are less marked than in the secretory system so intimately incorporated with it, is always obvious.
In the stomach of the frog the connective tissue layer intervening between the main and mucosal musculature may undergo a complete mucoid change, so that it comes to resemble the tissue of umbilical cord or a myxoma in its histological structure. In higher animals, prolonged exposures, especially if the animal have survived some days, are sometimes associated with a collagenous condition of the connective tissue similar to that which characterizes the subcutaneous tissue in the region of a gamma-ray burn. The changes occurring in the muscular coats of stomach and intestine have already been mentioned. The general effect of the changes that have been described above is interesting. Apart from the haemorrhages, which are only met with in very severe cases and lead to the presence of altered blood in the intestinal contents, the alteration of the intestinal mucosa, together with the increased mucus-formation, leads to diarrhoea (usually of an intensely mucous variety) so long as the intestinal muscles have not become damaged to such an extent that they can no longer urge forward the contents of the bowel. Hence mucous diarrhoea is an early result .of the severe exposures to gamma-rays now under consideration. But, when the muscular coats have become so altered by vacuolation of nuclei and contractile material, by the translucent change and perhaps by alterations in their normal degree of basicity that their normal peristaltic contractions cease, the diarrhoea ceases also. Nevertheless the mucus continues to collect within the gut so long as there are columnar cells from which it can be formed and, therefore, at death, the entire large, and much of the small, intestine is filled to a greater or less extent with relatively clear mucus similar to that forming the evacuations in mucous colitis of man.
It is noteworthy that intestinal changes of like kind to those *described above, but less intense, have been found in some cases in Germany, in which death followed a course of deep X-ray therapy for uterine fibroids.
The Generative Systemn.--Very probably, from our knowledge of the influence of X-rays upon the sex glands, radium-rays also exert a -somewhat similar influence. Moreover from unpublished experiments of my own, I have reason to believe that small quantities of radium enclosed within the rat's abdomen for a period of months under conditions in which the beta and gamma-radiation is constantly acting upon sex glands, lead to a most profound degree of atrophy.
Nevertheless evidence that the gamma-radiation from 5 grm. of RaBr2 acts upon testicle and ovary is meagre and under any circumstances it is not of a gross kind. Probably this is largely to be explained by the short survival after an exposure of some hours.
In the testicle of the frog (the experiments were conducted between March and May) I could not find any appearances ascribable to the action of the radiations, even in animals that had been exposed for ninety-six consecutive hours or even longer. In radiated, as in nonradiated animals, the cells at the periphery of the tubules were illformed and stained very faintly, but the sheaf or fan-like masses of spermatozoa were intensely basophil and normal in shape and arrangement. In particular there was no evidence that the spermatozoa were losing their intense avidity for the basophil dyes. Nevertheless the fact that radium acts on the spermatozoa of the frog in a physiological direction was shown conclusively by Hertwig.
In rat, rabbit and cat the usual great variety in appearance of the constituents of the seminal tubules, according to. the stage in spermatogenesis, was noted, but in radiated animals, spermatids or spermatozoal heads were sometimes seen in which the normal basophilia had given way to indifferent staining or even to oxyphilia. The nuclei, too, of spermatocytes were more faintly stained than usual, and showed a greater tendency to chromatolysis and disintegration. Spermatogonia still showed small round nuclei with intense and diffuse basophilic staining and cells of Sertoli their faintly stained, large, oval nuclei. Spermatoblasts, with their fan-like groups of spermatids or spermatozoal heads were similar in non-radiated or in radiated animals.
On one point there is certainty, and this lies in the complete cessation of mitosis throughout the testicle. Even skein-like arrangement of the nuclear chromatin in prophase or metaphase is not seen in frog or rat, though present in rabbit and cat. Such spermatozoa as were already in existence within the organ seem to have undergone no greater visible change than that which is indicated by their occasional change in staining reaction. But spermatogenesis has been completely arrested. Whether this arrest be temporary or permanent must surely depend upon the length of exposure. Upon this point I have no evidence, for I have not been able to convince myself of any difference in the microscopical appearances of the testicle dependent upon length of exposure or survival after exposure. The point could only be settled satisfactorily by means of breeding experiments.
The epididymis shows a well-marked ciliated columnar epithelium, the cilia being long and the cytoplasm of the cells being scantier on that side of the nucleus towards the lumen and denser again just beneath the cilia. Within the lumen of the tubules are spermatozoa, in which the staining of the heads is usually less basophil than in nonradiated animals. Thus the epididymis of a severely exposed animal cannot be differentiated from that of a normal control except possibly by the contents of the tubules.
In the ovary the changes to be ascribed to the action of the gammarays are even less certain. Frog's ovary is useless for this purpose. In rat, and to some extent also in rabbit'and cat, the great bulk of the ovary is made up of corpora lutea in varying stages of development and in these it is impossible to ascribe any particular appearance of cell nucleus or cytoplasm to the gamma-radiation. In the Graafian follicles and primordial ovules there is deficient staining and sometimes the follicles appear to be the seat of an accumulation of fluid or homogeneous non-corpuscular coagulum. Graafian follicles of good formation do not occur in the radiated animals. The ovarian stroma shows no differences from the normal.
The sex glands, therefore, are disappointing in a histological sense possibly by very reason of their high organization. Be that as it may, there is no doubt that parathyroid and adrenal, salivary glands and pancreas resemble the sex glands in their failure to present unequivocal evidence of marked histological changes under gamma-ray action; the same is true, in large measure, of' the thyroid. And yet from clinical evidence it is certain in the case of the thyroid body and of the salivary glands, that the organs are affected by irradiation and it is at least possible from the evidence of altered enzymic action that the pancreas similarly undergoes change. Indeed, though one is ready to admit the fact of wide variations in the degree to which tissues manifest their reaction to the intense bombardment which has been the subject of the present investigation, one is loth to admit that any tissue can remain entirely unaffected and we are ready to ascribe any absence of recognizable change to the crudity of our histological methods.
The observations I have brought before the Section belong to a special branch of pathology that is now assuming a certain importance.
Many of the changes I cannot recall to have seen under other than conditions of irradiatton. From a general point of view it may be added that the measurements of the spleen given above seem to indicate that to the already recognized atrophy from disuse and atrophy from pressure it will now be necessary to add atrophy from irradiation. And in this connexion the changes met with after irradiation in normal bones and testicle, in thyroid of exophthalmic goitre, in uterine fibroids and in certain kinds of new growths, whether malignant or non-malignant, may well be remembered. Discussion of, the point would lead us too far, but I commend the suggestion to your consideration. DESCRIPTION OF THE FIGURES.
FIG. 1.
Stomach of frog exposed to the gamma-rays of 5 grm. RaBr2 for twenty.one hours. Killed three days later. There is intense vacuolation in the contractile material of the inner muscular coat. The vacuole may carry a nucleus within it or on its wall. Paraffin, h&ematoxylin and eosin, x 200.
FIG. 2.
Liver of rat exposed for three hours. Killed nine days later. The cytoplasm has disappeared almost entirely from the hepatic cells, but the altered nucleus and the cell membrane persist. The same change is often seen in malignant cells in man after exposure to a large quantity of radium. Paraffin, hsematoxylin and eosin, x 200.
FIG. 3.
Kidney of cat exposed to gamma-rays of 5 grm. RaBr2 for sixty-four hours discontinuously. (Correction for distance in order to compare with Figs. 1, 2, and 4 yields an effective exposure of thirteen hours.) Died on the eighteenth day after first and eleventh day after last exposure. The cells of the convoluted tubules show numerous vacuoles representing the former situation of lipoid globules. The glomerulus (left) and a conducting tubule (bottom) show a complete absence of vacuolation. Paraffin, hxematoxylin and eosin, x 200.
FIG. 4.
Colon of rat exposed for three hours. Killed nine days later. To show the great formatlon of mucus. The columnar cells of the tubular glands are almost universally converted into goblet cells. Paraffin, haematoxylin and eosin, 
